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© Power supply device. 

© A power supply device for use on a motor ve- 
hicle includes a charging power supply such as an 
alternator or a battery, a plurality of capacitors, 
chargeable by the charging power supply, for sup- 
plying stored electric energy to an electric load such 



as an engine starter, and a successive charging 
control circuit arrangement for successively charging 
the capacitors, one by one, with the charging power 
supply. 
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POWER SUPPLY DEVICE 



BACKGROUND OF THE INVENTION 



The present invention relates to a power sup- 
ply device having a charging power supply such as 
an alternator or a battery and a plurality of capaci- 
tors for supplying electric energy, which has been 
charged by the charging power supply, to an elec- 
tric load. 

Lead storage batteries are mounted on motor 
vehicles as a power supply for an engine starter 
and other electric loads such as accessories. 

When the engine is to be started, electric en- 
ergy stored in the lead storage battery is supplied 
to energize the starter motor. A pinion gear of the 
starter motor is brought into mesh with a ring gear 
mounted on the crankshaft of the engine, and rotat- 
ed to rotate the crankshaft, thereby starting the 
engine. 

An electric current which is supplied from the 
battery to the starter motor when starting the en- 
gine is very high, e.g., 100 A or more, though it is 
supplied in a short period of time. The capacity of 
a battery to be installed on a motor vehicle is 
determined primarily in view of its ability to start 
the engine. The large electric power which is con- 
sumed to start the engine is supplemented when 
the battery is charged by electric power generated 
by an alternator mounted on the motor vehicle and 
driven by the engine while the motor vehicle is 
running. 

Batteries mounted on motor vehicles are 
known lead batteries as secondary batteries, and 
they are charged and discharged through a chemi- 
cal reaction between electrodes and an electrolytic 
solution. Such a battery can discharge a large 
current within a short period of time. The battery is 
charged with a current of 10 A or less which is 
supplied over a long period of time and through a 
gradual chemical reaction. Therefore, if a much 
larger current is supplied to charge the battery, the 
battery would be excessively heated and the elec- 
trodes might be deformed and damaged. 

Motor vehicles which are mainly used by com- 
muters run over short distances, and motor ve- 
hicles used as delivery cars are repeatedly stop- 
ped and started highly frequently. Since these mo- 
tor vehicles require the engines to be started fre- 
quently and are continuously driven over short 
periods of time, the batteries mounted on these 
motor vehicles cannot be charged sufficiently 
enough to make up for the electric power con- 
sumed when the engines are started. Accordingly, 
the batteries tend to be used up, or run down, 
failing to start the engines. 



To solve the above problems, the applicant has 
proposed a motor vehicle power supply device 
which has a large-capacitance capacitor that is 
charged by a battery mounted on the motor vehicle 

s and that discharges stored electric energy to ac- 
tuate the engine starter to start the engine (see 
Japanese Patent Application No. 63(1 988)-329,846, 
U.S. Patent Application Ser. 454,267 and EPC Pat- 
ent Application No. 89313559.0. 

jo With the proposed motor vehicle power supply 
devices, the engine starter is energized by the 
electric energy stored in the large-capacitance ca- 
pacitor. The large-capacitance capacitor can supply 
an intensive current. Therefore, even if the voltage 

75 of the battery Is somewhat lowered, the engine 
may be started by the electric energy stored in the 
capacitor. To charge the capacitor after its stored 
electric energy has been discharged, a large initial 
current is required, and hence the alternator and 

20 the battery and the large-capacitance capacitor 
have to be connected by thick harnesses which 
can withstand large currents. 

Fig. 3 of the accompanying drawings schemati- 
cally shows a circuit arrangement in which a plural- 

25 ity of (e.g., three) capacitors are employed to pro- 
vide a large capacitance. The capacitors are 
charged by an alternator, and a starter is con- 
nected as an electric load to the capacitors. The 
capacitors, which are connected parallel to each 

30 other, and the alternator are coupled to each other 
by thick harnesses. During an initial stage of the 
process of charging the capacitors, a large current 
flows through the harnesses into the capacitors. 
The large current tends to shorten the service life 

35 of the alternator since the alternator is overloaded. 



SUMMARY OF THE INVENTION 

40 

It is an object of the present invention to pro- 
vide a power supply device having a charging 
power supply and a plurality of capacitors for sup- 
plying electric energy, which has been charged by 

45 the charging power supply, to an electric load, the 
power supply device including means for reducing 
a rush current required to charge the capacitors, so 
that thick harnesses are not needed to connect the 
capacitors and the charging power supply. 

so Another object of the present invention is to 
provide a power supply device which will not over- 
load a charging power supply such as an alternator 
that charges a plurality of capacitors of the power 
supply device. 

According to the present invention, there is 
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provided a power supply device comprising a 
charging power supply, a plurality of capacitors, 
chargeable by the charging power supply, for sup- 
plying stored electric energy to an electric load, 
and successive charging means for successively 
charging the capacitors with the charging power 
supply. 

The above and other objects, features and ad- 
vantages of the present invention will become more 
apparent from the following description when taken 
in conjunction with the accompanying drawings in 
which a preferred embodiment of the present in- 
vention is shown by way of illustrative example. 



BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a circuit diagram of a power supply 
device according to an embodiment of the 
present invention; 

Fig. 2 is a graph showing the relationship be- 
tween a charging time and a current required to 
charge capacitors; and 

Fig. 3 is a circuit diagram of a conventional 
power supply device which employs a plurality 
of capacitors which are connected parallel to 
each other. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENT 



Fig. 1 shows a power supply device for a 
motor vehicle, according to an embodiment of the 
present invention. The power supply device has a 
plurality of (three in Fig. 1) large-capacitance ca- 
pacitors C1, C2, C3 connected parallel to each 
other, each of the capacitors C1, 02, C3 compris- 
ing an electric double layer capacitor. 

An alternator G which is driven by an engine 
includes a rectifying circuit and produces DC elec- 
tric energy at its output terminal. The alternator G 
serves as a power supply for charging the capaci- 
tors C1, C2, C3 and also a battery B. A switch SO 
serves as a charging switch for the capacitors C1 , 
C2, C3. A switch SD serves to supply electric 
energy stored in the capacitors C1, 02, C3 to an 
electric load L such as an engine starter on the 
motor vehicle, for thereby starting the engine on 
the motor vehicle. 

A relay circuit R1 has normally open contacts 
RSI. RSII, the contact RSII being connected to the 
positive terminal of the capacitor 01 . A relay circuit 
R2 has a normally open contact RS2 connected to 
the positive terminal of the capacitor 02. A relay 
circuit R3 has a normally open contact RS3 con- 
nected to the positive terminal of the capacitor 03.-' 



The relay circuits R1, R2, R3 are connected such 
that when these relay circuits R1, R2, R3 are 
energized, circuits including their corresponding 
capacitors 01 , 02, 03 are made or turned on. 

s Unidirectional elements comprising diodes D1 

through D5 are connected to the capacitors 01 , 02, 
03. More specifically, when the capacitors 01, 02, 
03 are charged, the diodes D1 , D2 are connected 
in series with the capacitors 01 , 02, respectively. 

10 When the capacitors 01, 02, 03 are discharged, 
the diodes 03, D4, D5 are connected in series with 
tha capacitors 01 , 02, 03, respectively. 

Zener diodes ZD1, ZD2 allow only a small 
current to pass therethrough when a reverse volt- 

75 age applied thereto is lower than a predetermined 
.value (breakdown voltage), but allows a sudden 
reverse current to pass therethrough when the re- 
verse voltage reaches the predetermined value. 
The zener diode ZD1 has a cathode connected to 

20 the terminal of the contact RSII remote from the 
capacitor 01, and an anode connected to the coil 
of the relay circuit R2. When the capacitor C1 is 
charged, the contact RSII is closed. In a final stage 
of the process of charging the capacitor 01, the 

25 voltage across the capacitor 01 rises up to the 
breakdown voltage of the zener diode ZD1, where- 
upon a current from the alternator G and the bat- 
tery B flows through the diode D1 and the zener 
diode ZD1 into the coil of the relay circuit R2. The 

30 contact RS2 of the relay circuit R2 is now closed to 
start charging the capacitor 02 with the current 
which is supplied through the diode D2. 

The zener diode ZD2 has a cathode connected 
to the terminal of the contact RS2 remote from the 

35 capacitor 02, and an anode connected to the coil 
of the relay circuit R3. As is the case with the' 
zener diode ZD1, the zener diode ZD2 detects a 
final stage of the process of charging the capacitor 
02 and energizes the relay circuit R3 to charge the 

40 capacitor 03. 

Operation of the power supply device thus 
constructed will be described below. 

In order to charge the capacitors 01, C2, 03, 
the switch SO is closed. The coil of the relay circuit 

45 R1 is energized to close the contacts RSI, RSII 
thereof. The voltage of the alternator G and the 
battery B is applied through the diode D1 and the 
contact RSII to the capacitor 01, which now starts 
being charged. 

so After elapse of a certain period of time, which 
varies depending on the internal resistances of the 
alternator G and the battery B and the resistance of 
the circuit through which the charging current 
flows, the process of charging the capacitor 01 

55 approaches its final stage. When the voltage across 
the capacitor 01 reaches the breakdown voltage of 
the zener diode ZD1, the relay circuit R2 is en- 
ergized with the current flowing through the diode 
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D1 and the zener diode 2D1. The contact RS2 of 
the relay circuit R2 is closed, whereupon the ca- 
pacitor C2 starts being charged. 

After elapse of a certain period of time, the 
process of charging the capacitor C2 also ap- 
proaches its final stage. A sudden reverse current 
flowing through the zener diode 02 energizes the 
relay circuit R3, thereby charging the capacitor C3. 
During this time, the alternator G and the battery B 
supply a current, which is required to charge only 
one capacitor, successively to the capacitors CI, 
C2, C3. In this manner, the charging of the capaci- 
tors C1 , C2, C3 is completed. 

Rg. 2 shows the relationship between a chart- 
ing time and a charging current which is supplied 
to charge the capacitors CI, C2, C3. The solid-line 
curve shows the charging current supplied from the 
alternator G and the battery B in the power supply 
device according to the present invention. The 
dotted-line curve shows a charging current which is 
required to charge three parallel-connected capaci- 
tors in a conventional power supply device. The 
current supplied to charge the capacitors in the 
power supply device of the present invention is of 
a peak value which is about 1/3 of the peak value 
of the charging current flowing into the capacitors 
in the conventional power supply device. 

When the switch SD is closed, the electric 
energy stored in the capacitor C1, the electric 
energy stored in the capacitor C2, and the electric 
energy stored in the capacitor C3 are simulta- 
neously supplied through the respective diodes D3, 
04, D5 to the electric load L Therefore, a rush 
current is fed to the engine starter, for example, to 
energize the engine starter, thus starting the en- 
gine. 

After the engine has started, the switch SD is 
opened to stop the discharging of the electric en- 
ergy from the capacitors C1, C2, C3. The capaci- 
tors C1, C2, C3 thus discharged can be charged 
again in the manner described above. 

With the present invention, as described above, 
the large-capacitance capacitors C1, C2, C3 are 
not simultaneously charged by the alternator G or 
the battery B, but are successively charged, one 
by one, by the zener diodes ZD1, ZD2 and the 
relay circuits R2, R3, which serve as a successive 
charging means. The peak value of the charging 
current required to charge the capacitors C1, C2, 
C3 is much lower than that of the charging current 
supplied to charge the capacitors in the conven- 
tional power supply device. Therefore, the charging 
power supply and the capacitors may be con- 
nected by wires which have a much lower current 
capacity. Since the wires used have a small cross- 
sectional area, the harnesses can be wired with 
ease. The charging current supplied during an ini- 
tial charging stage has a low peak value, the charg- 



ing power supply or alternator is prevented from 
being overloaded, and the service life of the al- 
ternator is not unduly shortened. 

Although a certain preferred embodiment has 
s been shown and described, it should be under- 
stood that many changes and modifications may 
be made therein without departing from the scope 
of the appended claims. 

10 

Claims 

1 . A power supply device comprising: 
a charging power supply; 

;s a plurality of capacitors, chargeable by said charg- 
ing power supply, for supplying stored electric en- 
ergy to an electric load; and 
successive charging means for successively charg- 
ing said capacitors with said charging power sup- 

20 ply. 

2. A power supply device according to claim 1. 
wherein said charging power supply comprises an 
alternator. 

3. A power supply device according to claim 1, 
25 wherein said charging power supply comprises a 

battery. 

4. A power supply device according to claim 1, 
wherein said successive charging means com- 
prises detecting means for detecting the amount 

30 by which each of said capacitors is charged, and 
control means, responsive to detection by said 
detecting means of a predetermined amount by 
which one of said capacitors is charged, for con- 
necting another of said capacitors to said charging 

35 power supply. 

5. A power supply device according to claim 4, 
wherein said detecting means comprises means for 
detecting the voltage across each of said capaci- 
tors. 

40 6. A power supply device according to claim 5, 
wherein said datecting means comprises a zener 
diode. 

7. A power - supply device according to claim 6, 
wherein said control means comprises a relay cir- 

45 cuit having a coil connected to said zener diode. 

8. A power supply device according to claim 1, 
wherein said capacitors are connected parallel to 
said electric load. 

50 
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